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Contents o f th is  pub lication  do not necessarily  r e f le c t  the views 
and p o lic ie s  of the U. S. Department of the I n t e r i o r ,  not does men­
t io n  o f  trade names or commercial products c o n s ti tu te  t h e i r  en­
dorsement or recommendation fo r  use by the U. S. Government.
The U n ive rs ity  of Arkansas, in compliance with federa l and sta te  
laws and regulations governing a f f i rm a t iv e  action  and non­
d isc r im in a tio n , does not d iscrim inate  in the recru itm ent, admis­
sion and employment of students, fa c u lty  and s t a f f  in the  
operation o f any o f i t s '  educational programs and a c t i v i t i e s  as 
defined by law. Accordingly, nothing in th is  pub lica tion  should 
be viewed as d i r e c t ly  or in d ir e c t ly  expressing any l im i ta t io n ,  
s p e c if ic a t io n  or d iscrim ination  as to race, r e l ig io n ,  co lor or 
natural o r ig in ;  or to handicap, age, sex, or s tatus as a disabled  
Vietnam-era veteran, except as provided by law. In q u ir ie s  con­
cerning th is  policy may be d irected  to the A f f irm a t iv e  Action  
O ff ic e r .
A B S T R A C T
WATER MANAGEMENT SIMULATOR PRESENTATIONS
One o f the la rg e r stumbling blocks to comprehensive w ater manage­
ment is  the lack o f pub lic  understanding o f the m u ltitu de  of 
variab les  th a t  operate a t the same tim e w ith in  the hydrologic cyc le . 
With more public  understanding, there  is  g rea te r pub lic  support fo r  
various water p ro jec ts .
Dr. John R. Amend from Montana S ta te  U n ive rs ity  developed a water 
management s im ulator which could handle a large  number o f variab les  
sim ultaneously o f natural surface and groundwater flow  plus a 
number o f water use variab les  on an accelerated time sequence. By 
using several remote control devices, p a rtic ip a n ts  can "control"  
th e ir  water use but have no contro l over o ther p a rtic ip a n ts  compet­
ing fo r  the same w ater molecule.
The purpose o f th is  in form ation tra n s fe r  p ro jec t was to  demonstrate 
the use o f the water management sim ulator and to  begin to  develop 
experienced teams o f people from government agencies and academia 
to exp la in  i t s  operation to  loca l professional and c iv ic  groups.
The in te re s t  leve l is  very high fo r  the team members to  learn  about 
the operation o f the water management s im u la to r. The sim ulator 
demonstrations have been w ell received by various audiences.
Mack, L e s lie  E.
Completion report to  the United S tates Department o f the In te r io r ,  
Washington, D. C ., September, 1984.
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INTRODUCTION
A. Purpose and Objectives
With an increase in population and a g reater  dependency on 
technological innovations, water use in the United States continues 
to increase. As the basic water supply is  e s s e n t ia l ly  l im ite d  
( r a i n f a l l ,  surface and groundwater s to rage),  there  is  and w i l l  be 
greater competition fo r  the same water molecule. More water pro­
je c ts  are needed to handle an increase in com petitive demand. 
Obviously, more money is  needed fo r  s ingle  and m ulti-purpose  
projects a t  an ever-increas ing cost. In a democratic soc ie ty ,  
basic public approval is  needed to expand large  water uses, water 
pro jec ts , in s t i tu t io n a l  arrangements, water law and f inanc ing .
There has been some concern fo r  several decades th a t  pub lic  aware­
ness o f water problems was lacking or in s u f f ic ie n t  to  keep pace 
with the needs.
The advent o f the microprocessor r e la t i v e ly  recen tly  permitted  
the sorting o f  large amounts o f  data a t  very high speeds. With 
adequate data storage and a pleasing data d isp lay o f  in te ra c t iv e  
v a r ia b le s ,  a means was found to make public awareness and education 
o f water management p r in c ip les  more pa la tab le  i f  not fun . The 
beauty o f  the water management sim ulator is  th a t  i t  accelerates  
time so th a t  several years o f runo ff  record can be observed a t  a 
ra te  o f about one year per minute.
Aside from the public awareness and educational aspects o f the
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sim ulator, one o f  the main purposes o f th is  p ro ject was to t ra in  
a few teams o f  two persons each to operate the s im ulator. The 
i n i t i a l  e f f o r t  was to t r a in  one team from the Department of 
A g ric u ltu ra l  Engineering at the U n ive rs ity  o f Arkansas in Fayette­
v i l l e  and another team from the Arkansas Soil and Water Conservation 
Commission in L i t t l e  Rock. This has proved s a t is fa c to ry  in order to 
avoid c o n f l ic ts  in scheduling as well as a broader geographical 
d is t r ib u t io n .
B. Related A c t iv i t ie s
The use o f  the water management simulator is  part  o f  a la rger  
program o f public awareness o f  Arkansas' water resources. I t  is 
believed th a t  while many o f  our water problems can be solved by 
s c ie n t i f i c  and engineering techniques, one o f  the w orld 's  greatest  
water problems is the lack of public education concerning water 
resources.
During 1981-82, the Winthrop R ockefe ller  Foundation funded a 
public awareness pro ject about Arkansas' water resources. In 
add it ion  to publishing a document e n t i t le d  Arkansas Water: Why
Wait fo r  the C r is is ? , about two dozen volunteers made s l id e  pre­
sentations to various professional and c iv ic  groups throughout the 
s ta te .  This was well received and was very e f fe c t iv e .  As a 
fo llow -up  to these a c t i v i t i e s ,  i t  was thought th a t  the water manage­
ment sim ulator would be equally e f fe c t iv e  by having audience 
p a r t ic ip a t io n .
The author was f i r s t  introduced to the water management simulator
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by Dr. Ted M i l ls  a t  Oklahoma State  U n ive rs ity .  Dr. M i l ls  and his 
assistants were in v ite d  to make a presentation in L i t t l e  Rock by 
using t h e i r  simulators during a day-long workshop. The audience, 
with widely diverse backgrounds, was very en thus ias tic  about the 
demonstration and th is  led to the decision fo r  Arkansas to purchase 
i t s  own custom-made sim ulator.
I t  is  intended th a t  th is  water management sim ulator be used on 
a regu lar basis fo r  many years to come as part o f the public aware­
ness program concerning Arkansas' water resources.
METHODS AND PROCEDURES 
A. Description o f  the Simulator
The water management sim ulator hardware consists o f  three  basic 
units  which are: 1) the central d isp lay , 2) a cathode ray tube
monitor, and 3) a series o f  s ix  small consoles to  control various 
types o f water uses.
The centra l d isp lay u n it  is  approximately 36" x 24" x 8" . The 
heart o f  the u n it  contains an 8080 microprocessor which is the 
computational element of the s im ulator. From t h i r t y  years of  
actual streamflow data (usua lly  U.S.G.S records), an algorithm  is  
programed and stored on an erasable read-only memory. This can 
be done fo r  s ixteen separate hydrographs fo r  s ixteen r iv e rs  and 
t r ib u t a r ie s .  In the Arkansas s im ula tor, e ight hydrographs repre­
sent d i f f e r e n t  types o f  geology and clim ate around the country and 
eight hydrographs represent r iv e rs  and streams in Arkansas.
When the u n it  is  switched on, a large time in d ic a to r  showing
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the year and the month is set in motion, the e le c tro n ic  "clock" 
advances the hydrograph r iv e r  stage about one month per minute.
The "clock" can be stopped, s ta r te d ,  speeded, slowed or paused.
Also displayed on the main panel are f iv e  d i f f e r e n t  water use 
units  showing a co n tro l la b le  amount o f  water used fo r  l ive s to ck ,  
municipal and industry, energy, i r r ig a t io n  and in te r -b a s in  t ra n s fe r .  
There is  also an add itional and detachable rese rv o ir  u n i t .  Each of 
the six un its  are con tro lled  by a console operated by the audience 
p a rt ic ip a n ts .  Each of the consoles, except the re s e rv o ir  console, 
can use a va r ia b le  amount o f e i th e r  surface or ground water or both.
Each p a r t ic ip a n t  is  usually  so busy operating his own console 
th a t  he is  unaware of the other uses taking place and too much 
water is  used causing the demand to exceed the supply which creates 
a c r is is .  An alarm is sounded and red l ig h ts  f la s h .  This is the 
crux of the educational value o f the sim ulator.
A cathode ray tube monitor (a portable modified te le v is io n  s e t ) ,  
is also attached to  the main panel so th a t  the p a rt ic ip a n ts  can 
observe a comparison o f the FLOW, DEMAND and the RESERVOIR le v e l .
The p a r t ic ip a n t  can control his portion of the demand or the 
rese rvo ir  but has no control over the other p a rt ic ip a n ts  or the 
hydrograph. At the completion o f each year of the t h i r t y  years of 
record, the cathode ray tube s ta r ts  a new display o f  the comparison 
of the f low , demand and the rese rv o ir  le v e l .
One hydrograph, i f  allowed to run i t s  e n t i re  t h i r t y  years, w i l l  
consume a ha lf-ho ur of water competition and c o n f l ic t .  Partic ipants
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w i l l  soon be aware th a t  they should consider con junctive  use of 
surface and ground water. A ls o , i t  makes a big d i f fe re n c e  which 
time o f  the year water is or is  not a v a i la b le .
B. I n i t i a l  Team Organization
The f i r s t  team of operators fo r  the s im ulator was developed 
from the Department o f A g r ic u ltu ra l  Engineering's Water Resources 
Laboratory a t  the U n ive rs ity  of Arkansas in F a y e t t e v i l le .  Dr. 
Richard P e ra lta ,  an Assistant Professor in the department had 
attended a sim ulator workshop th ree  years ago a t  Oklahoma State  
U n ive rs ity  w ith  the author. The workshop was conducted by Dr. Ted 
M i l ls .  Mr. Paul K i l l i a n ,  a graduate student in the Department of  
A g ric u ltu ra l  Engineering, has also been ass is t in g  the author in i t s  
operation .
A r e la t i v e l y  new team is  being developed w ith in  the Arkansas 
Soil and Water Conservation Commission a t  L i t t l e  Rock. The 
D ire c to r ,  John Saxton, or his Deputy D ire c to r ,  Randy Young, w i l l  
be ass isted  by John Sweeney, Tom Lane, Dave Ferguson, Danny Goodwin 
or Ed C early .
Another team is an tic ip a te d  from the U n iv e rs ity  o f  Arkansas a t  
L i t t l e  Rock. Dr. Gerry Hanson o f  the Geography Department w i l l  be 
the new lead er.
The F a y e t te v i l le  team w i l l  make presentations to  professional 
and c iv ic  groups. The Soil and Water Conservation Commission team 
w i l l  make presentations to s ta te  and federa l agencies and the 
County So il and Water Conservation D is t r ic ts  around the s ta te .  The
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U n ivers ity  of Arkansas a t  L i t t l e  Rock team w i l l  make presentations  
to professional and c iv ic  groups in the L i t t l e  Rock area and work 
with the Arkansas Department o f Education.
There is  a p o s s ib i l i ty  th a t  not only add itiona l teams w i l l  be 
formed but also an add itiona l sim ulator may be purchased or a new 
simulator w i l l  be designed to show the e f fe c ts  o f s p e c if ic  types 
o f water p o l lu t io n .
C. Demonstrations
Demonstrations and presentations have been made before the 
Southern Section o f the American Society o f A g r ic u ltu ra l  Engineers 
in L i t t l e  Rock, several classes in ground water geology at the 
U n ive rs ity  o f  Arkansas in F a y e t te v i l le ,  the Commissioners o f the 
Soil and Water Conservation Commission as part o f a standing d is ­
play in t h e i r  o f f ic e s  in L i t t l e  Rock, numerous guests and v is i to rs  
to  the Soil and Water Conservation Commission and to the p a r t i c i ­
pants and attendees o f National Water Week in Eureka Springs which 
is  an annual event.
Once a p a r t ic ip a n t  has the opportunity  to operate one o f the 
consoles, his or her in te re s t  qu ick ly  soars as they begin to r e a l iz e  
the complexity of water management and the innumerable variab les  
involved.
RESULTS
As part  of a continuing program of public awareness o f Arkansas' 
water resources, the water management sim ulator has shown i t s  use 
to be a very e f fe c t iv e  to o l .  I t  is  always made c le a r  to the
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audience and the p art ic ip an ts  th a t  the water management simulator  
is  only an educational device and is not to be considered a r e a l ­
tim e, r e a l - l i f e  water management control u n i t .  P a rt ic ip an ts  feel  
th a t  they a c tu a l ly  have a real ro le  and a b e t te r  understanding of 
the water management process. Therefore , they become b e t te r  in ­
formed c i t iz e n s  fo r  the public and p r iva te  roles in the never-end­
ing water management decision-making processes.
CONCLUSIONS
The water management sim ulator developed by Dr. John Amend has 
been very e f fe c t iv e  in s tim ulating  in te re s t  in Arkansas' water 
resources a t  times other than floods or droughts. This has been a 
worthwhile investment fo r  the Arkansas Water Resources Research 
Center to develop teams to lead sim ulator workshops. The process 
has advanced public in te re s t  in water resources which w i l l  lead to 
more aggressive programs in the fu tu re .
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